Purpose: To investigate the clinical and neuroradiographic features of Chinese patients with optic nerve hypoplasia (ONH). Methods: This was a retrospective case series study. The medical records and magnetic resonance imaging (MRI) studies of patients diagnosed with ONH from September 2001 to December 2013 in the neuro-ophthalmology clinic of Taipei Veterans General Hospital were reviewed. Results: A total of eight eyes of five patients with ONH were enrolled in this study (1 male, 4 females). The mean age at diagnosis was 14.5 ± 12.0 years (range 0.25e30 years). Ocular examination revealed approximately half of the eyes had tortuous retinal vessels. In MRI studies, all patients had midline brain abnormalities including ectopic posterior pituitary gland (60%), agenesis of septum pellucidum (20%), and Rathke's cleft cyst (20%). Two patients had endocrinopathiesdone suffered from hypopituitarism and the other had hyperprolactinemia. Both of them showed ocular findings of tortuous retinal vessels. Conclusion: A high prevalence of midline brain abnormalities was noted in ONH patients of Chinese ethnicity. The presence of tortuous retinal vessels in patients with a midline brain anomaly may indicate the occurrence of endocrinopathy.
Introduction
Optic nerve hypoplasia (ONH) is one of the leading causes of childhood blindness worldwide. 1 It is a congenital anomaly with subnormal numbers of axons in the optic nerve. 2 ONH was first described by Schwarz in 1915 or even earlier. 3 Reeves subsequently reported an infant with bilateral ONH and absence of septum pellucidum in 1941. 4 The clinical spectrum extends to include hypopituitarism after Hoyt et al 5 discovered the presence of pituitary dwarfism in ONH patients in 1970. In recent decades, the numbers of reported cases increased with an estimated prevalence of 7.2 per 100,000 in Sweden and of 10.9 per 100,000 in England (2006). 6, 7 Studies regarding ONH mainly concern western society, whereas reports from Asian countries are scarce. 4 The purpose of this study was to investigate the clinical and neuroradiographic features of Chinese patients with ONH in Taiwan.
Methods
We conducted a retrospective study of patients diagnosed with ONH from September 2001 to November 2013 in the neuroophthalmology clinic of Taipei Veterans General Hospital, Taipei, Taiwan. All case participants were Taiwan residents of Chinese ethnicity. The study protocol complied with the provisions of the Declaration of Helsinki, and was approved by the institutional review boards of the hospital.
All patients received comprehensive examination by one neuroophthalmologist (A.-G. Wang). The diagnosis of ONH was defined as a ratio of 0.35 for the horizontal disc diameter/disc-macula distance (DD/DM). 8, 9 Data included in the analysis were age, sex, laterality, Snellen visual acuity, intraocular pressure, refraction status, eye position and movement, anterior segment examinations, pupil response, and fundus photography. Magnetic resonance imaging (MRI) of the brain was obtained from all enrolled participants and reported by the neuro-radiologists. A systematic review of the literature was carried out.
Results
A total of eight eyes of five patients with ONH were enrolled in this study (1 male, 4 females). The mean age (±standard deviation) at diagnosis was 14.5 ± 12.0 years (range 0.25e30 years). Of the five eyes having refraction examinations, the mean spherical power was À7.90 ± 3.38 diopters (D) (range À2.00 to À10.25 D) and the mean astigmatism was À2.60 ± 2.31 D (range À0.75 to À6.00 D). Four of the five eyes attained high myopia and two of the five eyes had high astigmatism. Snellen visual acuity ranged from light perception to 1.0. Approximately half (3/8) of the diseased eyes had tortuous retinal vessels, and two eyes of one patient showed diffuse changes in the retinal pigment epithelium (Table 1) .
In the MRI analysis, ectopic posterior pituitary gland was the most prevalent finding (3 of 5 patients, 60%), followed by agenesis of septum pellucidum (1/5, 20%) and Rathke's cleft cyst (1/5, 20%) (Figs. 1e3). The diagnosis of ectopic posterior pituitary gland was established when a hyperintense nodule at the median eminence and absence of the normal posterior pituitary bright spot were noted on a T1-weighted MRI. 10 Of the three patients with ectopic posterior pituitary gland, one had hypopituitarism. Another patient with intrasellar Rathke's cleft cyst had hyperprolactinemia (prolactin level 53.75 ng/mL; normal range 3.0e26.0 ng/mL). Additional ocular findings included unilateral congenital ptosis in one patient with bilateral ONH, exotropia/exophoria in two patients, and nystagmus in one patient. A female patient with ectopic posterior pituitary gland also had systemic lupus erythematosus (SLE) with lupus nephritis.
Discussion
This study demonstrated ONH in eight eyes of five patients of Chinese ethnicity. All of them had midline brain abnormalities on MRI, such as ectopic posterior pituitary gland (60%), agenesis of septum pellucidum (20%), and Rathke's cleft cyst (20%). These patients presented with a wide range of visual acuity from 1.0 on the Snellen visual acuity scale to light perception, and possible association with high myopia (50%), high astigmatism (25%), and exodeviation (40%).
ONH is a nonprogressive congenital disc anomaly characterized by a small optic disc with a double-ring sign. It may result from excessive apoptosis of retinal ganglion cells during visual pathway development.
2,11 A 90% reduction of optic nerve fibers without degenerated axons has been noted on histopathologic examination. 2 Visual acuity may range from no light perception to normal vision. Associated ophthalmological features include nystagmus (26e86%), strabismus (42e52%), axial myopia, and astigmatism. 3,12e15 Approximately 80% of the ONH patients had bilateral involvement, compared to 60% in our study. 3, 13 The most consistently reported maternal factors were young maternal age and primiparity. Other factors such as maternal smoking, maternal diabetes, poor maternal weight gain, premature labor, medication use, and family unemployment had been advocated but still need further validation.
3,7,13,16e19
The most prevalent findings on neuroimaging included absent septum pellucidum (53%), corpus callosum hypoplasia and abnormalities of the pituitary gland (13e34%), such as ectopic pituitary gland, empty sella, and infundibular hypoplasia. 20, 21 Other neuroradiographic features included schizencephaly, arachnoid cysts, pachygyria, polymicrogyria, cortical heterotopia, white matter hypoplasia, and hydrocephalus. 19, 20 In our series, cases included ectopic posterior pituitary gland (60%), agenesis of septum pellucidum (20%), and Rathke's cleft cyst (20%). Rathke's cleft cysts are believed to derive from remnants of the Rathke's pouch, which normally regress after primitive pituitary cell proliferation and differentiation. 22 The Over the last few decades, numerous studies have placed great emphasis on neuroimaging in the diagnosis of ONH. An associated brain anomaly may imply a variety of functional disorders such as the occurrence of hypopituitarism, metabolic crisis, seizure, developmental delay, and so on. Corpus callosum hypoplasia was identified as having an association with developmental delay. 9 Isolated absent septum pellucidum was associated with normal developmental and endocrinologic features. 9, 14, 20 Pituitary abnormalities may strongly suggest hypopituitarism. 9, 20 In fact, patients with ONH may have hypopituitarism (26e82%) even without visible pituitary abnormalities. 13, 14, 25 A normal pituitary gland on MRI does not preclude the possibility of endocrinopathy. In our study, one patient with ectopic posterior pituitary gland had hypopituitarism. The other patient with Rathke's cleft cyst had hyperprolactinemiadthe most commonly associated endocrine disorder that is postulated to be the result of compression of the hypothalamic-infundibular system by the cyst. Additionally, Hellstrom et al found a significant association between tortuosity of retinal veins and endocrinopathy in patients with ONH, which was also true in our patients. 26 Pituitary abnormalities together with tortuosity of retinal vessels may be highly predictive of endocrine disorders in these patients. The limitations of this study included its small cohort size and its retrospective nature. However, all patients were evaluated by one neuro-ophthalmologist and had documented fundus photography and brain MRI. These data may be valuable to determine the clinical features in ONH patients of Chinese ethnicity.
In conclusion, this study demonstrated a high prevalence of midline brain abnormalities in ONH patients of Chinese ethnicity. The presence of tortuous retinal vessels in patients with a midline brain anomaly may indicate the occurrence of endocrinopathy. Due to the limited case numbers, further studies are needed to characterize the clinical and neuroradiographic features of patients with ONH. 
